ABSTRACT
INTRODUCTION
When performing internal arc tests on SF 6 -insulated power equipment, issues from an environmental standpoint arise when replacing SF 6 with air in accordance with the International Electrotechnical Commission (IEC) standards [1] . Recently, the working Group A3.24 of the International Council on Large Electric Systems (CIGRE) discussed a specific procedure for replacing SF 6 with air, as well as evaluation methods for calculating the pressure rise [2] . However, the characteristics of pressure rise and exhausted hot gas due to arcs in air testing remain very different from those in SF 6 testing. The procedure for replacing SF 6 with air and the appropriate test parameters have not been clarified. Therefore, to develop an alternative method for internal arc testing in SF 6 -insulated power equipment, we systematically obtained experimental data on air and SF 6 arcs in order to calculate the pressure rise in power equipment [3] [4] [5] .
In this paper, we describe our experimental evaluation on the pressure rise and pressure oscillation due to air and SF 6 arcs in a closed container. The arcs were ignited between rod aluminum electrodes by applying a current with a peak value of approximately 11 kA for 40 ms, within a container of two sizes.
EXPERIMENTAL CONDITIONS
As shown in Figure 1 [5] , a damping AC with a frequency of 50 Hz was supplied by a 1,270 F capacitor bank, through a 7.5 mH reactor. The arc duration was controlled by two making switches. Table 1 show the closed container of two sizes used in the experiments, as well as the experimental conditions. The containers, which were formed from a horizontal and vertical cylinder, had volumes (V CC ) of approximately 0.0633 m 3 and 0.0799 m 3 . They were filled with air or SF 6 , at an absolute pressure of 0.6 MPa. The container had side observation windows to enable viewing inside the container. Electrodes were arranged along the central axis of the horizontal cylinder. The electrodes had diameters of 5 mm each, and were made of aluminum. In the experiments, the charged voltage of the capacitor bank was adjusted to 25 kV, and the value of the peak current in the first cycle for 25 kV was approximately 11 kA. The arc was ignited by fusing a copper wire between the aluminum electrodes in the container. The gap length between the electrodes was 80 mm. The arc duration was 40 ms, and the pressure rise was measured using a pressure transducer located at the top of the container. because of the specific heat of the gases [3] . In the case of SF 6 , a large pressure oscillation occurs in the pressure waves. However, an imperceptible pressure oscillation occurs in the case of air, because of the density of the gas. Moreover, in the case of SF 6 , the pressure oscillation period and amplitude when V CC = 0.0799 m 3 , are respectively longer and higher than those when V CC = 0.0633 m 3 .
EXPERIMENTAL RESUTS

DISCUSSION
To understand these experimental results in detail, the pressure rise waveforms for each container volume were analyzed using a fast Fourier transform (FFT). Figure 4 shows the FFT analysis of the pressure rise waveforms from the instant of arc ignition (0 s) to the measurement end time (4 s In the case of SF 6 , the power spectrum peak value ranges from 140 Hz-375 Hz for V CC = 0.0633 m 3 and 90 Hz-430 Hz for V CC = 0.0799 m 3 . On the other hand, in the case of air, there are no power spectrum peak values. According to the FFT analysis of the pressure rise waveforms; in the case of V CC = 0.0799 m 3 , the time in which the pressure waves reflected between the top of the container and the bottom of the container is approximately 2 ms (= 1/430 Hz)-11 ms (= 1/90 Hz). On the other hand, the arc-power oscillation period is approximately 10 ms (= 1/100 Hz) for a damping AC with a 50 Hz frequency. Under these circumstances, it is evident that the higher-pressure oscillation amplitude for V CC = 0.0799 m 3 is caused by the resonance effect between the arc power oscillation and the pressure waves reflected on the walls. The same resonance-effect phenomenon was also suggested by Tanaka et al. [6] and Iwata et al. [7] .
These results suggest that the pressure oscillation depends on the gas species and the closed container size. This phenomenon must be considered when conducting internal arc tests for replacing SF 6 with air because the pressure oscillation influences the maximum pressure rise.
CONCLUSIONS
To develop an alternative method for internal arc testing in SF 6 -insulated power equipment, we systematically obtained experimental data on air and SF 6 arcs in order to calculate the pressure rise in power equipment.
In this paper, we presented experimental clarification on the pressure rise and pressure oscillation due to air and SF 6 arcs in a closed container. The arcs were ignited between rod aluminum electrodes by applying a current with a peak value of approximately 11 kA for 40 ms, in a container of two sizes. The containers were filled with air and SF 6 at an absolute pressure of 0.6 MPa.
In the SF 6 case, a large pressure oscillation occurred in the pressure waves. However, an imperceptible pressure oscillation occurred in the case of air. In the SF 6 case, the pressure oscillation period and pressure oscillation amplitude depended on the closed container size. It was determined that the pressure oscillation depended on the gas species and the closed container size.
The results of this research suggest that it is necessary to consider the pressure rise phenomena when performing internal arc tests for the replacement of SF 6 with air. These results will contribute to the development of an alternative testing method of internal arcs in SF 6 -insulated power equipment. 
